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nostic modality for patients with suspected pulmonary embolism (PE). CTPA frequently reveals
incidental ﬁndings that may explain the patient’s presentation. These ﬁndings could be parenchy-
mal, pleural, or vascular. The aim of this study was to evaluate the spectrum of incidental vascular
ﬁndings and their signiﬁcance.
Methods: A retrospective review was done on 508 CTPAs of adults with suspicion of PE in the
University of Missouri between June and December of 2009. Forty-three scans were excluded
because of motion artifacts or poor contrast. Of the total 465 scans, 39% (180/465) scans were done
in the emergency room.
Results: Calciﬁcation of the aorta and coronary arteries was the most common ﬁnding 27% (124/
465), followed by dilatation of the pulmonary trunk 3.4% (16/465) and thoracic aortic aneurysms
1.5% (7/465). Four cases of aberrant right subclavian artery were found. The rest of the ﬁndings
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176 D.S. Ahmad et al.Conclusion: CTPA delineates vascular ﬁndings other than PE. The majority of these ﬁndings are
not acute, but warrant recognition and follow up. In less than 1% of the cases, aortic dissection
is detected, which might explain the patient’s presentation.
 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY -NC-ND license.Table 1 Vascular ﬁndings on CTPA of 465
patients (n).
Vascular calciﬁcations 124
Dilated pulmonary trunk 16
Thoracic aortic aneurysms 7
Aberrant right subclavian artery 4
Aortic dissection 2
Aortic mural thrombus 2
Air in systemic veins 2
Pulmonary artery stenosis 2
SVC narrowing 2
Brachiocephalic vein stenosis 2
Brachiocephalic artery aneurysm 1
Aortic ductus diverticulum 1
Subclavian artery stenosis 1
Subclavian artery aneurysm 1
Aortic pseudoaneurysm 11. Introduction
CT pulmonary angiography (CTPA) or spiral (helical) CT
scanning with intravenous contrast is being used increasingly
as a diagnostic modality for patients with suspected pulmon-
ary embolism (PE). CTPA has many beneﬁts, including being
fast and accurate, high interobserver agreement and the ability
to detect alternative abnormalities that may explain the pa-
tient’s symptoms and signs (1). In addition, CTPA frequently
detects incidental ﬁndings that warrant follow up, such as lung
nodules. Among the incidental ﬁndings are the different abnor-
malities of the thoracic vasculature, mainly the aorta, pulmon-
ary arteries and central veins. Those ﬁndings could be
congenital, traumatic, thrombotic, or due to other
mechanisms.
The intrathoracic vasculature in general can be evaluated
by various imaging modalities such as conventional angiogra-
phy, computed tomography (CT), magnetic resonance (MR)
imaging, and multiplanar transesophageal echocardiography.
CT Angiography is the ﬁrst step for the evaluation of most
thoracic vascular abnormalities. The use of contrast material
in CTPA allows the evaluation of the thoracic vasculature as
well, which might reveal signiﬁcant vascular abnormalities.
This article describes the prevalence of vascular ﬁndings on
CTPA other than PE in a cohort of patients with a brief dis-
cussion about each ﬁnding. The potential clinical signiﬁcance
of these incidental vascular ﬁndings necessitates radiologists
and clinicians to recognize them.
2. Materials and methods
We conducted a retrospective review of 508 CTPAs done on
adults for suspicion of PE in the University of Missouri Hos-
pital between June and December of 2009. Forty-three scans
were excluded because of motion artifacts or poor contrast.
The patients were scanned with a Siemens Deﬁnition Dual
Source 64-slice scanner. Radiation dose reduction software
CARE Dose4D was used and calculated the radiation dose
individually for each patient using the formula DLP · 0.017.
Patients were required to take one deep breath before the
CT scan. The imaging was performed in a single breath-hold.
Scan volume included the entire chest from the lung apex to
the lung base. A dual-head power injector was used for injec-
tion of the contrast medium which consisted of 120 cc of
Omnipaque 350. Each CTPA was read by a board-certiﬁed
radiologist without double reading. Institutional Review
Board (IRB) approval was obtained.
3. Results
Of the total 465 scans, 39% (180/465) scans were done in the
emergency room (ER). The average age was 53. The youngest
patient was 21 and the oldest was 90. There were no pregnantpatients among the 465 studies. The 465 patients included 57%
(267/465) females and 43% (198/465) males. Calciﬁcation of
the aorta and coronary arteries was the most common ﬁnding
27% (124/465), followed by dilatation of the pulmonary trunk
3.4% (16/465) and thoracic aortic aneurysms 1.5% (7/465).
Four cases of aberrant right subclavian artery were found.
The rest of the ﬁndings were rare and were detected in only
one or two patients (Table 1).
4. Discussion
Vascular ﬁndings on CTPA vary in their signiﬁcance. The
most common ﬁnding is vascular calciﬁcation, which is not
an acute ﬁnding and does not itself provide an alternative diag-
nosis to the patient’s presentation. However, its presence puts
the patient at a higher risk for serious atherosclerotic diseases
and, therefore, is worth being reported and taken under con-
sideration. The second most common ﬁnding is dilatation of
the pulmonary trunk which usually indicates pulmonary
hypertension. This could be caused by thromboembolic dis-
ease, but more commonly by a chronic lung disease that ex-
plains that patient’s presentation in the absence of PE.
Each of the other intrathoracic vascular pathologies found
in our cohort of patients was rare (less than 1%). The majority
of those ﬁndings were not acute, but warranted recognition
and follow up. Thoracic aortic dissection was found in two pa-
tients. Needless to say, any other type of vascular pathology
can be incidentally detected on CTPA.
4.1. Dilated pulmonary trunk
Pulmonary artery dilatation (Fig. 1) often indicates pulmonary
arterial hypertension. In adults, the diameter of a distal main
pulmonary artery on CT greater or equal to 29 mm at its wid-
est diameter has a positive predictive value of more than 95%
Fig. 2 Axial CTPA showing a focal narrowing of the right
pulmonary artery.
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diameter more than that of the ascending aorta has a positive
predictive value of more than 95% and a speciﬁcity of more
than 90%, for a diagnosis of pulmonary arterial hypertension.
When the CT-demonstrated diameter of the distal main pul-
monary artery is greater than or equal to 29 mm and the seg-
mental artery-to-bronchus ratio is greater than 1:1 in three of
four pulmonary lobes, the speciﬁcity, would be 100%. A ratio
of the CT-demonstrated distal main pulmonary artery diame-
ter to the aortic diameter greater than 1:1, particularly in pa-
tients younger than 50 years is also highly predictive (2,3).
In addition, several CT ﬁndings can indicate pulmonary
hypertension. These include dilatation of the right and left
main pulmonary arteries; abrupt narrowing and tapering of
the peripheral pulmonary vessels; right ventricular hypertro-
phy; and right ventricular and atrial enlargement with inver-
sion of the interventricular septum and dilatation of the
tricuspid valve annulus (4).
4.2. Pulmonary artery stenosis
Pulmonary artery stenosis (Fig. 2) can occur at any level along
the pulmonaryarterial system from the pulmonary valves to
the peripheral pulmonary arteries. It may be solitary or multi-
ple. In 20% of the cases pulmonary artery stenosis is isolated,
but it is often associated with cardiac anomalies such as atrial
septal defect and perivalvular pulmonic stenosis. Pulmonary
artery stenosis is associated with some congenital syndromes
including Down syndrome, Williams syndrome, Ehlers–
Danlos syndrome, and in utero exposure to rubella (5). The
pulmonary arteries can be compressed by an external process
such as lung cancer or mediastinal ﬁbrosis. Takayasu arteritis
can also affect the pulmonary arteries.
4.3. Subclavian artery aneurysm
Subclavian artery aneurysms (Fig. 3) are rare peripheral aneu-
rysms. They occur more frequently on the right side but may
also develop on the left side or bilaterally (6). They can result
in very serious consequences for upper extremity function dueFig. 1 Axial CTPA showing a pulmonary trunk measuring
4.4 cm in diameter, which is greater than the adjacent ascending
aorta. The right and left pulmonary arteries are each 2.7 cm.to complications of thromboembolism and nerve compression
(7). Both the intrathoracic and extrathoracic parts of the sub-
clavian artery can be involved. True subclavian artery aneu-
rysms can very rarely be a complication of ﬁbromuscular
dysplasia, cystic idiopathic medionecrosis, infection and con-
genital anomalies (8). Subclavian artery pseudoaneurysms re-
sult from penetrating or blunt trauma, especially after
clavicle or ﬁrst rib fracture (9).
Symptoms include upper chest and shoulder pain, numb-
ness, and coldness of the upper extremity due to ischemia. Less
frequent manifestations include hoarseness due to recurrent
laryngeal nerve paralysis, hypesthesia due to compression of
the brachiocephalic plexus, Horner’s syndrome, a palpable
mass with pulsation, and hemoptysis. In some cases, no sign
or symptoms are present.
4.4. Aberrant subclavian artery
An anomalous origin of the right (Fig. 4) or left subclavian
arteries can be associated with congenital anomalies of the aortic
arch. The aberrant subclavian arteries cross the mediastinumFig. 3 Coronal CTPA showing a left subclavian artery aneurysm
measuring 3.3 cm in diameter.
Fig. 5 Coronal CTPA showing a patent brachiocephalic artery
with occlusion of the right subclavian artery (arrow) at its origin.
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esophagus. Aberrant subclavian arteries usually have an
asymptomatic course and are usually an incidental radiological
ﬁnding, except when they form a vascular ring producing clin-
ical symptoms caused by tracheal or esophageal compression.
Respiratory symptoms are common in childhood, and dyspha-
gia is the most common symptom in adults (10). The aberrant
subclavian arteries may be associated with other vascular or
cardiac anomalies (11).
4.5. Subclavian artery stenosis
Atherosclerosis is the most common cause of subclavian artery
stenosis (12). The left subclavian artery is four times more
likely to be affected than the right (Fig. 5) or innominate arter-
ies (12,13). English et al. (14) reported a prevalence of left sub-
clavian artery stenosis of 1.5% in patients with no peripheral
arterial disease, 4.3% in hypertensive patients, 4.3% in pa-
tients with a history of smoking, 6.8% in patients with diabetes
mellitus, 7.6% in patients with cerebrovascular disease, and
11.5% in patients with peripheral arterial disease.
The importance of reporting subclavian artery stenosis lies
in the need for revascularization in case of arm ischemia, ver-
tebral-subclavian steal syndrome, coronary-subclavian steal
syndrome, and planned coronary bypass surgery using the ipsi-
lateral internal mammary artery.
4.6. Brachiocephalic artery aneurysm
Aneurysms of the brachiocephalic trunk (Fig. 6) are rare,
accounting for only 3% (15) of all arterial aneurysms. Approx-
imately 3–8% of all brachiocephalic aneurysms involve the
Innominate artery. (16,17) Clinical manifestations include
thrombosis, distal embolization, rupture, and compression of
adjacent structures. Embolism may occur in the right arm
and in the brain, resulting in right hemispheric symptoms,
amaurosis fugax, or vertebrobasilar syndrome. CompressiveFig. 6 Coronal CTPA showing a brachiocephalic artery
aneurysm.
Fig. 4 Axial CTPA showing an aberrant right subclavian artery
passing posterior to the esophagus and then the trachea to join the
aortic arch.symptoms may induce dyspnea, hoarseness or upper compart-
ment edema from compression of the trachea, recurrent laryn-
geal nerve, and mediastinal veins.
4.7. Air in systemic venous circulation
Air may enter the systemic venous system (Fig. 7) by a number
of well-recognized mechanisms. Air may enter the vascular sys-
tem through lacerations to major veins or through a peripheral
intravenous line if the air within the drip infusion is not prop-
erly removed before the intravenous line is attached to an
intravenous canula (18). Gas may also enter the venous system
following air insufﬂation of body cavities for endoscopic sur-
gery (19). There is always a risk of air entering the venous sys-
tem, whenever a surgical site is above the heart and with
Fig. 7 Axial CTPA showing air in the right brachiocephalic vein
and multiple superﬁcial neck veins.
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patient in the sitting position (20).
Administration of intravenous contrast material can also
cause small to moderate-sized air emboli in the right side of
the heart and systemic veins including the pulmonary trunk,
superior vena cava, subclavian and brachiocephalic vein (21).
Knowledge of the mechanisms and common locations of air
emboli in the venous circulation can help radiologists distin-
guish them from image artifacts or paravascular air collection.
4.8. Central vein stenosis
Central vein stenosis (Fig. 8) is commonly associated with
placement of central venous catheters and devices (22). How-
ever, stenosis has been reported as a complication of repeated
arteriovenous ﬁstula punctures in patients undergoing hemod-
ialysis, even without a previous history of central venous cath-
eterization or trauma (23). It can manifest as edema ofFig. 8 Axial CTPA axial showing a narrowed left brachioce-
phalic vein due to compression by the head of the right clavicle. A
large collateral vein originates from the left subclavian vein (large
arrow). Other collaterals are present as well (arrowheads). This
patient had kyphoscoliosis.ipsilateral face, neck and extremity. Central venous cannula-
tion leads to intimal injury associated with focal endothelial
denudation, increased smooth muscle cells (24) and vein wall
thickening. The rapid blood ﬂows associated with the hemod-
ialysis catheter can create turbulence that accelerates endothe-
lial proliferation, eventually leading to venous stenosis.
4.9. Aortic mural thrombus
Thrombosis of the aorta (Fig. 9) is rare. The left atrium is the
origin of 8–65% of aortic emboli due to atrial ﬁbrillation. The
remaining 35–92% are primary thrombi, and most of the cases
occur in the setting of underlying atherosclerosis, aneurysm or
dissection (25). The Aorta is the origin of 5% of the cases of
peripheral artery embolisms (26). Mural thrombus in the aneu-
rysmatic or atherosclerotic aorta with protruding atheromas
may be the source of major arterial embolism; however, emboli
originating from the aorta in the absence of atherosclerosis or
aneurysm are rare (27).
4.10. Thoracic aortic aneurysms
The incidence of thoracic aortic aneurysm (Fig. 10) is esti-
mated to be 6–10 cases per 100,000 patient years. Most
descending thoracic aneurysms are associated with atheroscle-
rosis. Thoracic aortic aneurysms are less common than
abdominal aortic aneurysms. Approximately 20–25% of pa-
tients with a large thoracic aortic aneurysm also have an
abdominal aortic aneurysm (28,29). Compared to conven-
tional angiography, which demonstrates only the lumen of
an aneurysm, CT angiography demonstrates the contents
and wall of an aneurysm, including thrombus. Therefore, it al-
lows a more accurate measurement of aneurysm size and the
evaluation of anatomical features and surrounding structures.
The normal diameter of the midascending aorta is less than
4 cm, and that of the descending aorta less than 3 cm (30).
The aortic size is best measured in a cross-section.Fig. 9 Axial CTPA showing mural thrombus (arrow) and
penetrating ulcer (arrowhead) in the descending aorta.
Fig. 10 Axial CTPA showing an ascending aorta measuring
5.0 cm in maximum AP diameter.
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Pseudoaneurysms, or false aneurysms, represent a collection of
blood and connective tissue outside the aortic wall, often a re-
sult of rupture. Thoracic aorta pseudoaneurysms (Fig. 11) can
be iatrogenic due to medical procedures such as surgery or
angiography, or due to trauma such as in car crashes, blunt
or penetrating injuries. The aortic isthmus is involved in
90% of the thoracic aortic injuries because of its susceptibility
to shearing and bending types of stress. They can remain
asymptomatic after a trauma if it was not severe, but they also
can result in catastrophic bleeding following trauma (31).
Pseudoaneurysms of the root of the aorta complicate less than
0.5% of cases of cardiac surgery.Fig. 11 Coronal CTPA showing a thoracic aorta pseudoaneu-
rysm in a patient after a trauma.4.12. Aortic ductus diverticulum
Aortic ductus diverticulum (Fig. 12) is a developmental inden-
tion of the aortic wall at the insertion of the obliterated ductus
arteriosus (32). It is important to be aware of the appearance
of the ductus diverticulum and the evaluation of trauma to
the great vessels, particularly because this region is predisposed
for aortic injury and ductus diverticulum may simulate trau-
matic rupture of the aorta. It appears as a smooth, focal bulge
that forms obtuse angles with the aortic wall. It is usually lo-
cated at the anteromedial aspect of the aorta. Unnecessary sur-
gery can result from misinterpretation of the ductus
diverticulum as traumatic rupture of the aorta.
Saccular aortic aneurysm arising in the ductal region,
known as ductus diverticulum aneurysm is a rare anomaly in
adults. Because of their critical location and the high incidence
of complications in reported cases, aneurysms producing
symptoms, showing progressive enlargement, or greater than
3 cm in diameter should be considered for surgical resection
(33).
4.13. Aortic dissection
Aortic dissection (Fig. 13) occurs when the medial layers of the
aorta have degenerated through normal aging or other patho-
logic processes, and pulsatile blood ﬂow tears through the inti-
mal layer into the media. The resulting false lumen can then
extend distally or proximally (34). Chronic aortic dissection
develops when the dissection ﬂap and false channel persist
for more than 2 weeks following the initial event. There are
two different anatomic classiﬁcation systems for aortic dissec-
tion that are commonly used, the Stanford and DeBakey clas-
siﬁcations with the former being easier to use in clinical
practice. The majority of patients with chronic aortic dissec-
tions are asymptomatic while many patients with acute dissec-
tion present with acute on chronic hypertension.Fig. 12 Axial CTPA showing an aortic ductus diverticulum. It
appears as a focal convex bulge (arrows) along the anterior–
inferior aspect of the isthmus. Note the obtuse angle with the
aortic wall, unlike a pseudoaneurysm which usually has an acute
angle.
Fig. 13 Sagittal CTPA showing an intimal ﬂap beginning in the
aortic arch and extending through the descending thoracic aorta.
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intimal calciﬁcations. Contrasted CT scan shows an intimal
ﬂap that separates the true lumen from the false lumen.
4.14. Vascular calciﬁcations
The presence of thoracic aortic calciﬁcation (Fig. 14) is associ-
ated with other atherosclerotic diseases, including ischemic
stroke, hypertension, myocardial infarction, and valvular cal-
ciﬁcation (35). Aortic calciﬁcation is more common in women
than in men. Aortic calciﬁcation can be caused by two pro-
cesses: intimal, which is mostly atherosclerotic, and medial,Fig. 14 Sagittal CTPA showing calciﬁcation of the ascending
and descending parts of the thoracic aorta.which is not atherosclerotic. CT scan is highly sensitive for
detecting vascular calciﬁcation, but differentiation of the two
types of calciﬁcation cannot be made on CT scan accurately.
Penetrating ulcers can also develop as a consequence of ath-
erosclerotic disease. This process occurs when an atheroscle-
rotic plaque ulcerates, disrupts the intima, and extends into
the media of the aortic wall. Penetrating ulcer, especially at
the level of the mid descending thoracic aorta, can result in
intramural hematoma or aortic dissection.
5. Limitations
The retrospective nature of the study might have affected the
accuracy of the ﬁndings. As the study group consisted of pa-
tients who were suspected to have PE, the frequency of the
ﬁndings does not reﬂect the true prevalence of the vascular
ﬁndings.
6. Conclusion
CTPA is a modality that is widely used now for the diagnosis
of PE. It offers the advantage of uncovering other pulmonary
diseases that might explain the patient’s presentation. In addi-
tion, CTPA delineates vascular ﬁndings other than PE. The
majority of these ﬁndings are not acute, but warrant recogni-
tion and follow up. In less than 1% of the cases, aortic dissec-
tion is detected, which might explain the patient’s presentation.
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